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2.  -  The  formulation  of  accelerated  tests  for  the  determina¬ 

tion  of  "time  to  first  failure",  "meantime  between  failures" 
and  "life  time". 

3.  -  The  evaluation  of  such  factors  as  elevated  temperatures, 

and  drive  levels  other  than  the  recommended  drive  levels, 
in  causing  failure  of  quartz  crystal  units. 

4.  -  The  determination  of  a  satisfactory  definition  of 

failure  in  terms  of  performance. 
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Statement  of  Purpose 


This  study  is  an  investigation  of  factors  that  produce  failures 
of  quartz  crystal  units.  The  work  is  divided  into  five  phases,  which 
are  not  necessarily  to  be  performed  in  chronological  order. 

Phase  I:  The  contractor  will  procure,  from  industry,  military 
quartz  crystal  units  in  the  types  and  quantities  specified  in  Signal 
Corps  Technical  Requirement  SCL-7003/84.  Each  of  these  quartz  crystal 
units  will  be  subjected  to  all  preproduction  tests  required  by  Specifi¬ 
cation  MIL-C-3093C,  and  such  other  tests  as  may  be  required  to  establish 
that  the  crystal  units  are  of  a  quality  suitable  for  the  study.  Any 
crystal  units  which  fail  these  tests  will  be  eliminated  from  further 
study. 

Fnase  II:  The  crystal  units  that  conform  to  all  specification 
requirements  during  Phase  I  testing  will  be  subjected  to  tests  as  listed 
below . 

(a)  All  crystal  units  that  are  normally  operated  under  controlled 
temperature  conditions  will  be  Btored  at  their  specified 
operating  temperatures. 

(b)  One-fourth  of  the  crystal  units  that  are  norraally  operated 
under  non- controlled  temperature  conditions  will  be  stored  at 
plus  85  degrees  centigrade .  The  remaining  three -fourths  of 
these  units  will  be  operated  in  oscillators  at  room  ambient, 
one-third  of  them  at  25  percent  of  rated  drive  level,  one- 
third  at  100  percent  of  rated  drive  level,  and  one-third  at 
500  percent  of  rated  drive  level. 
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(c)  Measurements  of  series  resonant  frequency  and  resistance  will 
be  made  at  the  end  of  each  of  the  following  periods  of  time 
after  the  start  of  the  test:  24  hours,  125  hours.  225  hours, 
500  hours,  1000  hours,  2000  hours,  and  5000  hours. 

Phase  III:  The  frequency  versus  temperature  characteristics  of 
the  crystal  units  will  be  redetermined. 

Phase  IV:  Those  crystal  units  which  still  meet  the  requirements 
of  MIL-C-3098C  at  the  end  of  Phase  III  will  be  divided  into  two  lots, 
one  of  which  will  be  subjected  to  shock,  tests,  the  other  to  vibration 
tests.  The  frequency  and  effective  resistance  of  the  crystal  unit6  will 
then  be  redetermined. 

Phase  V:  A  final  report  will  be  prepared,  analyzing  the  data 
generated  in  Phases  I  through  IV  with  regard  to:  (a)  determination  of 
causes  of  failure;  (b)  the  formulation  of  tests  tc  determine  "time  to 
first  failure",  "mean  time  between  failures",  and  "life  time";  (c)  the 
effects  of  elevated  temperatures,  and  high  and  low  drive  levels  in 
inducing  failure;  (d)  a  workable  definition  of  failure  in  terms  of 
crystal  performance;  and  (e)  determination  of  a  reliability  figure  for 
quartz  crystals. 
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Abstract 


Phase  I  (the  preproduct ion  testing  of  the  crystal  units)  is  pro¬ 
gressing  veil.  Two  hundred  ten  of  the  six  hundred  crystal  samples  in¬ 
volved  in  this  study  have  completed  Phase  I  and  are  now  in  Phase  II 
testing . 

No  problems  of  any  significance  have  been  encountered  in  performing 
either  Phase  I  or  Phase  II  tests.  Slow  delivery  of  the  crystal  units 
by  the  manufacturers  continues  to  be  the  major  element  slowing  progress 
with  the  study. 
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Publication::,  Lectures,  Reports,  ana  Conferences 

During  the  period  covered  by  this.  Quarterly  Report,  there  were  no 
publication.:  issued,  and  no  lectures  delivered. 

The  First  Quarterly  Report  of  thi^  study  was  prepared  and  distributee, 
the  distribution  being  accomplished  during  the  week  ending  o  September 
±-j62.  The  third  and  feurtn  monthly  reports  were  also  submitted  during 
this  pei'ioo. 

A  conference  was  held  10  July  1962,  at  the  U.5.  Army  Research  and 
Development  Laboratories,  Fort  Monmouth,  New  Jersey.  The  Signal  Corps 
representatives  present  were  Mr.  M.  Bernstein,  Mr.  J.  Stanley,  ana  Mr. 

P.  Muivihiil.  The  contractor  was  represented  by  Mr.  W.  Ingiing,  Mr.  C. 
Jones,  and  Mr.  E.  Roeger.  The  discussions  held  were  of  a  general  natare, 
ana  led  to  some  clarification  of  the  statement  of  work.  A  consensus  was 
reached  regarding  both  the  terminology  and  the  methoas  tc  be  employee 
in  performing  the  work  outlined  in  Signed  Corps  Technical  Requirement 
SCL-7003/94. 
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FACTUAL  DATm 


During  the  period  covered  by  this  report  several  partial  shipments 
of  sample  crystals  were  received.  Manufacturer  "A"  has  delivered  all 
the  CR-18a/U  units,  al.  the  CR-32A/U  units,  and  79  of  the  120  CR-67/U 
units  that  were  ordered.  No  CR-7^/U  samples  have  been  received  from 
manufacturer  "A" . 

Manufacturer  "B"  has  delivered  90  of  120  CR-1Qa/U  units  ordered, 
as  well  as  103  of  120  CR-67/U  units,  9  of  30  CR-32A/U  units,  and  all 
30  CR-74/U  units.  All  the  crystal  units  that  have  been  received  are 
now  undergoing,  or  have  completed,  the  preproduction  tests. 

The  following  identification  system  has  been  established  for  use 

during  the  study  of  the  crystals  supplied  by  manufacturer  "A" : 

Lot  1  -  Type  CR-lflA/U,  numbered  from  1  through  30 

Lot  2  -  Type  CR-lOA/U,  numbered  from  31  through  60 

Lot  3  -  Type  CR-18A/U,  numbered  from  6l  through  90 

Lot  4  -  Type  CR-18a/U,  numbered  from  91  through  120 

Lot  5  -  Type  CR-67/U,  numbered  from  1  through  30 
Lot  6  -  Type  CR-67/U,  numbered  from  Al  through  A30 

Lot  7  -  Type  CR-67/U,  numbered  from  T1  through  T30 

Lot  8  -  Type  CR-67/U,  numbered  from  LI  through  L30 

Lot  9  -  Type  CR-32A/U,  numbered  from  1  through  30 

Lot  10  -  Type  CR-7*+/U,  numbered  from  1  through  30 

A  parallel  identification  system  has  been  established  for  the 

crystals  supplied  by  manufacturer  "B". 

Lot  11  -  Type  CR-18a/U,  numbered  from  1  through  30 

Lot  12  -  Type  CR-lOA/U,  numbered  from  31  through  60 

Lot  13  -  Type  CR-lBA/U,  numbered  from  6l  through  90 

Lot  14  -  Type  CR-18A/U,  numbered  from  91  through  120 

Lot  15  -  Type  CR-67/U,  numbered  from  1  through  30 

Lot  16  -  Type  CR-67/U,  numbered  from  Al  through  A30 

Lot  17  -  Type  CR-67/U,  numbered  from  T1  through  T30 

Lot  18  -  Type  CR-67/U,  numbered  from  LI  through  L30 

Lot  19  -  Type  CR-32A/U,  numbered  from  1  thrcrugh  30 

Lot  20  -  Type  CR-Jk/U,  numbered  from  1  through  30 
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All  crystal  samples  that  have  been  received  have  been  identified 
according  to  this  system.  A-  the  balance  of  the  crystal  samples  are 
received,  they  will  also  be  marked  in  accordance  with  this  system. 

During  this  report  period,  Lets  1,  2,  3.  5.-  6,  and  9  completed 

tae  preproauction  teats  of  bpecif icaticn  MIL-C-30>ac',  and  entered  Phase 
II  testing.  Lots  Li.  i,°,  13,  15.  i6,  and  17  completed  the  preproduction 
tests  through  Low  Temperature  Storage.  Lot  20  completed  the  prepro¬ 
duction  tests  through  the  initiax  measurement  of  series  resonant  fre¬ 
quency  and  effective  resistance. 

Descriptions  of  the  manner  of  performing  the  visual  and  mechanical 
examinations,  and  the  insulation  resistance,  shunt  capacitance,  overall 
frequency  tolerance,  and  unwanted  modes  were  included  in  the  First 
Quarterly  Report .  The  remainder  of  the  preproduction  tests  were  perfromed 
as  described  below: 

(a)  Reduced  Drive  Level 

A  fixed  resistor,  whose  resistance  is  equal  to  the  maximum 
allowable  resistance  for  the  crystal  under  test,  is  connected  to 
the  crystal  socket  of  the  test  set.  The  screen  voltage  control  cf 
the  test  set  is  then  adjusted  to  provide  a  grid-current  meter  de¬ 
flection  2.5  microamperes  greater  than  the  non-oscillating  reading 
of  the  grid-current  meter.  The  meter  shunt  control  is  at  its 
maximum  clockwise  setting  when  this  adjustment,  is  made.  The  fixed 
resistor  is  then  removed  from  the  crystal  socket  of  the  test  set, 
and  the  crystal  under  test  is  plugged  into  the  socket.  The  grid- 
current  meter  shall  show  a  deflection  of  at  least  2.5  microamperes 
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from  the  non-oscillating  grid-current  meter  indication.  The  crystal 
must  also  operate  on  frequency. 

(b)  Shock 

The  series  resonant  frequency  and  the  effective  resistance  of 
the  crystals  are  determined  and  recorded.  The  crystal  units  are 
then  mounted  in  the  specified  shock  machine  and  subjected  to  three 
impact  shocks,  each  of  100  Gravity  units  intensity.  One  impact 
shock  is  applied  along  each  of  the  three  mutually  perpendicular 
axes  of  each  crystal  unit.  Following  this,  the  series  resonant 
frequency  and  the  effective  resistance  of  the  crystals  are  again 
determined . 

(c)  Vibration 

The  series  resonant  frequency  and  the  effective  resistance  of 
the  crystal  units  are  measured  and  recorded  prior  to  vibration. 

The  crystal  units  are  then  rigidly  mounted  on  the  table  of  a  low- 
frequency  vibration  machine,  so  that  the  applied  vibration  will  be 
as  follows: 

One-third  of  the  units  will  have  the  vibratory  motion 
applied  parallel  to  the  vertical  axes  of  the  crystal  holders. 

One-third  of  the  units  will  have  the  vibratory  motion 
applied  parallel  to  the  major  horizontal  axe6  of  the  crystal 
holders . 

One-third  of  the  units  will  have  the  vibratory  motion 
applied  parallel  to  the  minor  horizontal  axes  of  the  crystal 
holders . 
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The  vibration  consists  of  a  simple  harmonic  motion  having 
an  amplitude  of  0.03  inch  (total  excursion  of  0.06  inch)  and 
is  applied  continuously  for  a  period  of  two  hours.  The  fre¬ 
quency  of  the  vibration  is  varied  uniformly  from  10  to  55 
cycles  per  second,  and  returned  to  10  cycles  per  second,  once 
each  minute.  At  the  conclusion  of  the  two  hour  period,  the 
crystal  units  are  removed  from  the  low-frequency  vibration 
machine,  and  then  rigidly  mounted  to  the  table  of  a  high- 
frequency  vibration  machine.  Ifte  method  of  mounting  and  the 
orientation  of  the  crystals  units  is  the  same  as  that  for  the 
lov-frequency  portion  of  the  test. 

The  vibration  consists  of  a  simple  harmonic  motion  having 
the  necessary  amplitude  to  provide  the  specified  acceleration 
throughout  the  range  of  frequencies  from  50  to  500  cycles  per 
second.  The  frequency  of  vibration  is  automatically  changed, 
at  a  logarithmic  rate,  from  50  to  500  and  back  to  50  cycles 
per  second  in  a  period  of  12  minutes.  The  test  is  continued 
for  a  period  of  three  hours. 

At  the  conclusion  of  the  three  hour  period,  the  crystal 
units  are  removed  from  the  vibration  machine,  and  the  series 
resonant  frequency  and  effective  resistance  are  measured  and 
recorded. 

(d)  Heat  Cycling 

Prior  to  the  heat  cycling  test,  the  series  resonant  frequency 
and  the  effective  resistance  of  the  crystal  units  are  measured  and 
recorded.  Following  these  measurements,  the  crystal  unit6  are 
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placed  in  a  well -ventilated  oven  equipped  with  an  automatic  program 
controller  and  subjected  to  the  following  temperature  cycle: 

Prom  an  initial  temperature  of  approximately  plus  25 
degrees  Centigrade,  the  temperature  within  the  oven  is  in¬ 
creased  to  approximately  plus  100  degrees  Centigrade.  The  rate 
of  change  of  temperature  is  less  than  2  degrees  per  minute. 

After  the  temperature  reaches  the  100  degree  level,  it  is  main¬ 
tained  at  that  level  for  a  period  of  30  minutes.  At  the  con¬ 
clusion  of  the  30  minute  period,  the  temperature  within  the 
oven  is  decreased  to  approximately  plus  25  degrees  Centigrade, 
with  the  rate  of  temperature  change  less  than  2  degrees  per 
minute.  This  completes  one  cycle.  The  test  is  continued, 
without  interruption,  until  three  cycles  have  been  completed. 

At  the  conclusion  of  the  third  cycle  the  series  resonant  fre¬ 
quency  and  the  effective  resistance  of  the  crystal  units  are 
again  measured  and  recorded. 

(e)  Low  Temperature  Storage 

The  series  resonant  frequency  and  effective  resistance  of  the 
crystal  units  are  measured  and  recorded.  The  crystal  units  are 
placed  in  a  refrigerator,  and  starting  from  a  temperature  of  approx¬ 
imately  plus  25  degrees  Centigrade,  the  temperature  within  the 
refrigerator  is  reduced  to  approximately  minus  65  degrees  Centigrade, 
and  then  maintained  at  that  level  for  a  period  of  one  hour.  At 
the  end  of  the  one  hour  period,  the  temperature  is  increased  to 
approximately  plus  25  degrees  Centigrade,  the  rate  of  temperature 
change  being  less  than  10  degrees  per  minute.  This  completes  one 
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cycle.  The  test  is  continued,  without  interruption,  until  three 
cycles  have  been  completed.  At  the  conclusion  of  the  third  cycle, 
the  crystal  units  are  removed  from  the  refrigerator,  and  their 
series  resonant  frequency  and  effective  resistance  are  again  mea¬ 
sured  and  recorded. 

(f)  Leakage 

The  crystal  units  are  immersed  in  a  quantity  of  distilled 
water  (containing  a  vetting  agent)  in  an  open  glass  container.  The 
glass  container  is  then  placed  in  an  altitude  chamber,  the  cham¬ 
ber  is  closed  and  sealed,  and  the  air  pressure  within  the  chamber 
is  reduced  to  from  1-30  to  1.3^  inches  of  mercury,  absolute.  Ibis 
pressure  is  maintained  for  a  period  of  five  minute.  During  this 
period  the  crystal  units  arc  observed  for  leakage,  as  evidenced  by 
a  continuous  formation  of  bubbles  from  the  crystal  units.  At  the 
conclusion  of  the  five  minute  test  period,  the  air  pressure  within 
the  chamber  is  returned  to  room  ambient,  and  the  crystal  units  are 
removed  from  the  test  container  and  dried.  Tbe  series  resonant 
frequency  and  effective  resistance  of  the  crystal  units  are  then 
measured  and  recorded.  (This  check  of  frequency  and  resistance  is 
not  required  by  Specification  MIL-C-  2P99C,  but  is  performed  be¬ 
cause  of  the  possibility  that  leakage  might  occur  which  is  not 
visually  detected.) 

(g)  Immersion 

The  crystal  units  are  subjected  to  an  irmnersion  test,  per¬ 
formed  as  follows:  The  crystal  units  are  placed  in  a  wire  mesh 
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basket,  and  then  completely  immersed  in  a  hot  bath  of  fresh  (tap) 
water.  The  temperature  of  the  hot  bath  is  kept  between  plus  65 
and  plus  70  degrees  centigrade,  and  duration  of  the  inversion  is 
15  minutes.  'Hie  crystals  are  next  lifted  from  the  hot  bath,  and 
immediately  immersed  in  a  saturated  solution  of  sodium  chloride 
and  water,  the  temperature  of  thi6  bath  being  between  plus  20  and 
plus  25  degrees  Centigrade.  The  duration  of  this  Immersion  is  al¬ 
so  15  minutes.  This  procedure  is  performed  twice,  then  the  crystal 
units  are  rinsed  in  running  tap  water,  dried,  and  the  insulation 
resistance,  series  resonant  frequency,  and  effective  resistance 
are  measured  and  recorded. 

(h)  Salt  Spray  (Corrosion) 

The  crystal  units  are  subjected  to  the  following  salt  spray 
test:  The  crystal  units  are  suspended  within  the  salt  spray  cham¬ 
ber  by  means  of  chemically  insert  cords.  The  chamber  is  then 
closed,  the  temperature  within  the  chamber  is  Increased  to  between 
plus  92  and  plus  9 7  degrees  Fahrenheit,  and  the  specified  salt 
spray  is  introduced  into  the  chamber.  The  test  is  continued  for 
a  period  of  48  hours,  then  the  crystal  units  are  removed  from  the 
test  chamber,  washed  in  running  tap  water,  dried,  and  examined  for 
evidence  of  corrosion.  Finally,  the  series  resonant  frequency  and 
the  effective  resistance  are  measured  and  recorded. 

(i)  Aging 

One -half  of  the  crystal  units  of  each  type  are  subjected  to 
the  aging  test.  The  crystal  units  are  mounted  in  an  oven,  in 
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crystal  sockets,  and  lends  ai-e  brought  cut  of  the  oven  to  the  test 
set.  The  oven  is  closed,  and  the  temperature  within  it  is  in¬ 
creased  to  the  temperature  specifics  in  MIu-C-309SC  for  aging  the 
type  of  crystal  being  tested.  The  oven  used  is  capable  of  cain- 
taining  any  selected  tenperature  (in  its  range)  within  plus  or 
minus  one-tenth  of  a  degree  centigrade.  After  24  hours,  and  again 
after  96,  192,  264,  360,  432,  528,  600,  6?2,  and  720  hours,  the 
series  resonant  frequency  of  the  crystal  units  was  measured  and 
recorded.  The  crystal  units  were  not  removed  from  the  te6t  cham¬ 
ber  for  the  performance  of  these  measurements. 

(j)  Moisture  Resistance 

The  one -half  of  the  crystal  units  of  each  type  that  are  not 
subjected  to  the  aging  test  are  subjected  to  the  mositure  resis¬ 
tance  test.  The  crystal  units  are  dried,  at  a  teng>erature  of  plus 
50  degrees  Centigrade,  for  a  period  of  24  hours.  Hie  crystal  units 
are  then  transferred  to  the  mositure  resistance  te6t  chamber, 
where  they  are  subjected  to  10  continuous  24  hour  cycles,  as  fol¬ 
lows:  During  the  first  tvo  and  one-half  hours,  the  temperature 
is  raised  from  approximately  plus  25  degrees  Centigrade  to  plus 
65  degrees  Centigrade.  This  temperature  is  maintained  for  a  period 
of  three  hours.  The  temperature  falls  to  plus  25  degrees  Centi¬ 
grade  during  the  next  two  and  one-half  hour  period,  and  is  again 
increased  to  plus  65  degrees  Centigrade  in  the  succeeding  two  and 
one-half  hours.  The  temperature  is  maintained  at  that  level  for 
three  hours,  and  is  then  gradually  reduced  to  plus  25  degrees 
Centigrade  during  a  period  of  two  and  one-half  hours.  Hie  temper- 
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ature  is  maintained  at  plus  25  degrees  Centigrade  for  a  period  of 
eight  hours.  This  completes  one  cycle.  Throughout  the  24  hour 
cycle  the  relative  humidity  was  maintained  between  90  and  98  per¬ 
cent,  with  the  following  exception: 

In  five  of  the  first  nine  cycles,  during  the  eighteenth 
through  the  twenty-first  hours  of  the  2k  hour  cycle,  the  temper¬ 
ature  is  reduced  to  minus  10  degrees  Centigrade.  The  humidity  is 
not  controlled  during  this  portion  of  the  test. 

At  the  conclusion  of  the  10  cycles,  the  crystals  are  removed 
from  the  test  chamber,  stored  24  hours  at  room  conditions,  and 
then  the  insulation  resistance,  series  resonant  frequency,  and 
effective  resistance  are  measured  and  recorded. 

(k)  Temperature  Run  for  Extended  Temperature  Ranges 

All  crystal  units  designed  for  operation  under  noncontrolled 
temperature  conditions  are  tested  for  conformance  with  the  pro¬ 
visions  of  MIL-C-3098C  through  their  specified  temperature  range. 
The  test  equipment  employed  includes  the  following  items: 

(1)  Crystal  Impedance  Meter,  TS-683/TSM 

(2)  Vacuum  tube  Voltmeter,  Hewlett-Packard  Model  410-B 

(3)  Standard  frequency  source.  General  Radio  Type  1101 -A 
piezo-electric  oscillator  and  Type  1102-A  multivibrator 
and  power  supply 

(4)  Multi-band  radio  receiver,  Hamnarlund  Model  SP-600 

(5)  Electronic  Frequency  Meter,  Hewlett-Packard  Model  500B 

(6)  Temperature  Recorder,  Brown,  Model  153  X  10V-K-26 

(7&8)  Recording  Meters,  Esterline -Angus  Model  AW 

(9)  Test  slug,  aluminum 

(10)  Oven,  and  auto -transformer 

(11)  Cold  storage  box 

(12)  Platinum  wire  temperature  sensor 

(13)  Interpolation  Oscillator,  General  Radio  Type  1107-A 
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The  setup  and  test  procedure  are  as  follows:  All  equipment 
is  energized,  and  allowed  to  "warm-up"  for  a  period  of  one  hour. 

The  drive  adjustment  of  the  crystal  impedance  meter  is  set  near 
its  low  extreme,  one  of  the  test  crystals  is  plugged  into  the 
crystal  impedance  meter,  and  the  tuning  control  of  the  crystal 
impedance  meter  is  adjusted  to  approximately  the  crystal  frequency. 
The  crystal  impedance  meter  tuning  and  drive  controls  are  adjusted 
until  the  grid-current  meter  indicates  that  the  crystal  is  oscil¬ 
lating.  The  receiver  is  then  tuned  to  the  crystal  frequency. 

The  crystal  is  removed  from  the  crystal  impedance  meter,  the  appro¬ 
priate  calibrating  resistor  is  plugged  into  the  crystal  socket, 
and  the  vacuum  tube  voltmeter  is  used  to  adjust  the  drive  level,  as 
detailed  in  the  instruction  manual  for  the  crystal  impedance  meter. 
The  calibrating  resistor  is  removed  from  the  crystal  Impedance 
meter,  a  crystal  plugged  in,  and  the  receiver  tuning  is  adjusted 
for  optimum  reception  of  the  signal  from  the  crystal. 

The  output  of  either  the  100  kilocycle  or  the  10  kilocycle 
multivibrator,  depending  on  the  nominal  frequency  of  the  crystal 
being  tested,  is  coupled  to  the  input  of  the  receiver.  The  two 
signals  are  heterodyned  in  the  receiver.  The  output  of  the  receiver 
is  an  audio  signal  equal  in  frequency  to  the  difference,  in  cycles 
per  second,  between  the  two  R.F.  signals. 

The  output  of  the  interpolation  oscillator  is  connected  to 
the  input  of  the  electronic  frequency  meter,  and  the  output  from 
the  frequency  meter  is  connected  to  one  of  the  recording  meters. 
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Since  the  output  of  the  electronic  frequency  meter  is  proportional 
to  the  input  frequency,  it  is  possible  to  cause  the  pen  of  the 
recorder  to  deflect  in  proportion  to  the  frequency  set  up  on  the 
interpolation  oscillator.  The  interpolation  oscillator  is  set  to 
the  nominal  frequency  difference  between  the  crystal  and  the 
standard  harmonic  signal.  The  recorder  pen  is  adjusted  to  make 
this  frequency  fall  at  the  center  of  the  recorder  chart,  and  the 
chart  is  advanced,  leaving  a  mark  at  the  nominal  difference  fre¬ 
quency  point. 

The  output  frequency  of  the  interpolation  oscillator  is  then 
adjusted,  in  turn,  to  the  audio  difference  that  marks  the  lower 
and  upper  frequency  limits  allowed  the  crystals,  and  the  chart  is 
marked  at  these  two  limits.  This  completes  the  calibration  of 
the  frequency  test  equipment.  The  interpolation  oscillator  is  dis¬ 
connected  from  the  frequency  meter,  and  the  output  from  the  re¬ 
ceiver  is  connected  to  the  input  of  the  frequency  meter.  The  pen 
of  the  recorder  will  trace  out  any  changes  in  the  difference  be¬ 
tween  the  two  frequencies  fed  to  the  receiver,  and  since  the 
stability  of  the  signal  from  the  standard  oscillator  is  of  a  high 
order,  any  variations  in  the  difference  frequency  can  logically 
be  attributed  to  a  change  in  the  frequency  of  the  crystal  being 
tested . 

The  crystal  is  removed  from  the  socket  of  the  crystal  Impedance 
meter,  and  a  calibrating  resistor,  equal  in  resistance  to  the 
maximum  effective  resistance  specified  for  the  crystals  being 
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tested,  is  plugged  into  the  meter.  The  circuit  to  the  grid-current 
meter  of  the  crystal  impedance  meter  is  opened,  and  the  meter  cur¬ 
rent  is  fed  into  a  D.C.  amplifier.  The  output  of  the  D.C.  ampli¬ 
fier  is  connected  to  a  recording  meter.  The  D.C.  amplifier  gain 
and  the  mechanical  adjustments  of  the  recorder  are  set  to  give  a 
convenient  deflection  on  the  recorder  chart,  this  deflection  is 
marked  on  the  chart,  and  its  ohmic  equivalent  is  noted.  A  series 
of  resistors  having  less  resistance  are  then  plugged  into  the 
test  set,  and  the  meter  deflection  caused  by  each  is  marked  on  the 
chart.  Thu6,  when  a  crystal  is  plugged  into  the  crystal  Impedance 
meter  the  position  of  the  recorder  pin  gives,  at  any  instant,  an 
indication  of  the  effective  resistance  of  the  crystal  unit  at 
that  Instant. 

Hie  temperature  monitoring  system  functions  as  follows:  The 
temperature  sensor  is  a  platinum  resistance  element,  which  is 
built  into  a  crystal  holder  of  the  same  size  as  the  holder  of  the 
crystal  to  be  tested.  An  aluminum  slug,  such  as  that  illustrated 
in  Figure  1,  is  used  to  hold  the  crystal  and  the  temperature  sensor. 
Hie  leads  of  the  temperature  sensor  are  connected  to  the  electronic 
temperature  recorder,  which  is  a  resistance-bridge  type.  The 
chart  drive  mechanism  of  the  temperature  recorder  is  inoperative, 
and  the  chart  is  marked,  at  five  degree  Centigrade  increments  above 
and  below  zero  degrees,  with  a  narrow  strip  of  conductive  paint. 

A  series  circuit  is  established  from  a  plate  circuit  relay  (on  an 
auxiliary  chassis),  through  the  pen  of  the  recorder,  the  conductive 
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paint,  and  back  to  the  relay.  As  the  temperature  changes  and  the 
recorder  pen  moves  along  the  chart,  the  plate  relay  closes  momen¬ 
tarily  each  time  a  five  degree  temperature  increment  is  reached. 

The  marker  pens  at  the  edges  of  the  charts  of  the  Esteriine -Angus 
recorders  are  connected  to  a  circuit  which  includes  the  contacts 
of  the  plate  circuit  relay.  Thus,  as  each  five  degree  increase  or 
decrease  in  temperature  occurrs,  the  edge  of  the  frequency  and 
resistance  charts  are  marked. 

In  testing  a  crystal  through  its  operating  temperature  range, 
the  procedure  is  as  follows:  A  crystal  is  put  into  the  well  in 
one  end  of  the  aluminum  test  slug,  and  the  temperature  sensor  is 
put  into  a  corresponding  well  in  the  other  end  of  the  slug.  The 
assembly  is  put  into  a  cold  storage  box  which  contains  finely 
divided  dry  ice,  and  the  temperature  of  the  assembly  is  reduced  to 
a  point  a  few  degrees  below  the  minimum  specified  operating  temper¬ 
ature  of  the  crystal. 

A  small  oven,  which  was  made  by  winding  asbestos -covered 
resistance  wire  around  a  length  of  copper  tubing  whose  Inside  di¬ 
ameter  was  a  close  fit  over  the  test  slug,  is  mounted  on  the  front 
of  the  crystal  impedance  meter,  so  positioned  that  when  the  slug 
is  inserted  into  the  oven,  the  crystal  pins  are  connected  with 
the  crystal  socket  in  the  Impedance  meter.  The  winding  of  the 
oven  is  connected  to  the  output  of  an  auto-transformer.  The  out¬ 
put  voltage  of  the  auto -transformer  is  pre-set  to  a  level  that 
will  cause  the  temperature  of  the  crystal  to  increase  at  the  rate 
required  for  the  test. 
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The  slug  is  rercvcd  from  the  cold  box,  inserted  in  the  oven, 
and  the  recorders  and  auto-transfcnner  are  energized.  As  the 
temperature  reaches  minus  55  degrees  Centigrade,  the  marker  pens 
of  the  recorders  mark  a  temperature  pip  on  th^  frequency  and  re¬ 
sistance  chai-t*.  A  continuous  recording  of  the  series  resonant 
frequency  and  effective  resistance  of  the  crystal  are  produced 
through  the  operating  temperature  range,  with  temperature  reference 
marks  at  5  degree  intervals  a  Long  the  edge  of  the  chart.  This 
procedure  is  repeated  for  each  crystal  of  the  same  type  and  fre¬ 
quency. 

For  testing  crystals  of  the  temperature-controlled  type,  the 
cold  box  is  eliminated,  and  the  temperature  of  the  crystal  is 
raised  from  room  temperature  through  its  maximum  operating  temper¬ 
ature  at  a  controlled  rate.  Temperature  markers  are  put  on  the 
charts  at  five  degree  intervals  throughout  the  specified  operating 
tempera  ;.ure  range . 

PHAGE  II: 

Performance  of  Phase  II  testing  was  begun  on  12  September  1962. 

On  that  date,  Let  1  was  placed  in  non-operating  storage,  at  a  temper¬ 
ature  of  plus  65  degrees  Centigrade,  in  accordance  with  the  provisions 
of  Paragraph  3 »2. 2b,  Signal  Corps  Technical  Requirement  SCL-7003/#** 

The  ..ver.  in  which  the  Lot  1  crystals  are  stored  is  fitted  with  racks 
which  contain  crystal  sockets.  Hie  crystal  sockets  are  connected,  by 
coaxial  cable,  to  bulkhead  R.F.  connectors  (BNC  series)  which  are  mounted 
in  a  feed-through  panel  in  the  wall  of  the  oven.  Thus,  the  crystals 
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which  are  stored  in  this  oven  can  be  connected  to  the  crystal  impedance 
meter  for  test  without  removing  them  from  the  oven,  as  a  short  length 
of  coaxial  cable  can  be  run  from  the  BNC  connector  to  the  crystal  socket 
in  the  crystal  impedance  meter. 

On  13  September  1962,  at  the  end  of  the  first  24  hours  of  storage, 
Lot  i  was  tested  to  determine  the  series  resonant  frequency  and  effec¬ 
tive  resistance  of  each  of  the  crystal  units,  and  the  measured  values 
of  frequency  and  resistance  were  recorded.  This  procedure  was  repeated 
125  hours,  225  hours,  and  500  hours  after  initiation  of  the  storage 
test.  It  will  also  be  repeated  1000,  2000,  3000,  4000,  and  5000  hours 
after  initiation  of  the  test. 

Lot  2  also  entered  Phase  II  testing  12  September  1962.  This  lot 
of  crystals  is  being  operated  in  oscillators,  at  room  ambient  temper¬ 
ature.  All  Lot  2  crystal  units  are  being  driven  at  25  percent  of  the 
rated  drive  level  specified  for  15  to  20  megacycle  CR-lOA/U  crystals  in 
specification  MIL-C-3098C- 

On  13  September  1962,  at  the  end  of  the  first  24  hours  of  storage, 
the  Lot  2  crystals  were  removed  from  the  oscillators,  and  placed  in  an 
oven  which  had  been  previously  stabilised  at  a  temperature  of  plus  30 
degrees  Centigrade.  After  a  period  of  24  hours  at  plus  30  degrees 
Centigrade,  the  series  resonant  frequency  and  effective  resistance  of 
each  of  bhe  30  crystals  was  determined  and  recorded.  The  crystals  were 
then  returned  to  operation  in  their  respective  oscillators.  This  entire 
procedure,  including  the  24  hour  storage  period,  will  be  repeated  at 
the  same  periods  of  time  after  initiation  of  the  test  as  were  listed 
above  for  Lot  1. 
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Lot  6  was  put  into  storage,  at  plus  85  degrees  Centigrade,  on  13 
September  1962.  Lot  6  is  being  subjected  to  the  same  test  procedures, 
performed  at  the  same  time  intervals  after  initiation  of  the  storage 
program,  as  were  described  above  for  Lot  1. 

Lot  5  was  put  into  operation,  in  oscillators,  at  room  temperature, 
on  14  September  1962.  The  drive  level  for  Lot  5  crystals  was  set  to 
100  percent  of  the  drive  specified  for  CR-67/U  crystals.  The  crystals 
comprising  Lot  5  are  being  subjected  to  the  same  test  procedures,  per¬ 
formed  a"  the  same  time  intervals  after  initiation  of  the  storage  pro¬ 
gram,  as  were  described  above  for  Lots  2,  3,  and  4. 

To  the  end  of  this  report  period.  Lots  1,  2,  3»  4,  5,  and  6  com¬ 
pleted  500  hours  of  the  storage  tests .  Lot  9  was  put  into  the  storage 
test  at  the  close  of  the  report  period. 

PHASES  III,  IV,  and  V: 

The  performance  of  these  three  Phases  of  the  program  cannot  be 
initiated  until  completion  of  Phase  II.  As  any  Lot  of  crystals  com¬ 
pletes  Phase  II  testing,  that  Lot  will  move  into  Phase  III  immediately. 
If  no  malfunctions  of  test  equipment  occur,  Lot  1  should  enter  Phase 
III  approximately  10  April  1963. 

TEST  DATA: 

Test  data,  showing  the  series  resonant  frequency  and  the  effective 
resistance  of  the  various  crystal  units  at  stated  times  during  prepro¬ 
duction  and  storage  testing,  is  presented  on  pages  26  through  62  of 
this  report.  The  information  on  each  Lot  of  crystal  is  discussed  and 
explained  in  the  pages  preceeding  the  data  sheets. 
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TEST  DATA 


Pages  26  and  27  contain  the  teat  data  on  Lot  1  crystals  Hie 
nominal  frequency  of  these  crystal  units  i6  19,990,700  cycles  per  sec¬ 
ond.  The  maximum  effective  resistance  allowed  for  CR-16a/U  crystals 
of  this  frequency  is  20  ohms.  The  overall  frequency  tolerance  is  plus 
or  minus  0.005  percent,  the  permitted  frequency  change  due  to  shock  or 
vibration  is  plus  or  minus  0.0005  percent,  and  the  permitted  resistance 
change  due  to  shock  vibration  is  plus  or  minus  10  percent.  Hius,  at 
any  time  in  any  preproduction  test,  the  frequency  of  the  crystals  must 
be  within  plus  or  minus  1000  cycles  per  second  of  nominal  frequency, 
and  the  resistance  must  not  exceed  20  ohms,  for  the  crystal  to  be  in 
compliance  with  the  requirements  of  specification  MIL-C-3098C.  The 
change  in  series  resonant  frequency  due  to  shock  or  vibration  must  not 
exceed  plus  or  minus  100  cycles  per  second,  and  the  resistance  oust 
neither  exceed  20  ohms,  nor  change  more  than  2  ohms  due  to  shock  or 
vibration.  A  review  of  the  Lot  1  data  reveals  that  each  of  the  30  units 
conformed  to  the  specification  requirememts  throughout  the  preproduc¬ 
tion  tests.  Hie  figures  recorded  on  page  26  are  the  last  five  digits 
of  the  series  resonant  frequency,  in  cycles  per  second.  Thus,  the  90004 
entered  for  sasple  number  1  in  the  column  headed  "Initial  Frequency" 
indicates  that  the  measured  frequency  of  this  crystal  was  19*  990, 804 
cycles  per  second.  There  are  no  entries  in  the  column  headed  "After 
Mois.  Res.",  as  aging,  rather  than  moisture  resistance,  was  performed 
on  this  lot  of  crystals.  Hie  figures  on  page  27  are  the  resistance,  in 
ohms,  of  the  samples,  as  measured  after  the  various  preproduction  tests. 

Pages  28,  29,  30,  31,  32,  and  33  record  the  same  information  for 
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the  crystals  comprising  Lots  2,  and  4.  The  sole  failure  to  date 
among  the  crystals  in  Lots  1,  2,  3,  and  4,  was  the  failure  of  unit  #1?0, 
in  Lot  4,  during  vibration.  The  following  four  pages  contain  the  equi¬ 
valent  data  for  Lets  5  and  6.  The  frequency  tolerances  for  Lots  5  and 
6  are  plus  or  minus  1,250  cycles  per  second  overall,  and  plus  or  minus 
250  cycles  chnnge  from  shock  or  vibration.  The  maximum  allowable  equi¬ 
valent  resistance  is  40  ohms.  The  permitted  change  in  resistance  from 
shock  or  vibration  is  plus  or  minus  4  ohms.  Failures  to  date  in  these 
four  lots  include: 

Lot  6:  Units  A3  and  A13  stopped  oscillating  during  the  aging  test. 
Unit  A27  would  not  oscillate  when  tested  at  the  end  of  225 
hours  of  high-temperature  storage. 

Pages  3ft  and  39  contain  data  on  the  performance  of  the  crystals  in 
Lot  9.  These  type  CR-32A/U  crystal  unit6  have  an  overall  frequency 
tolerance,  in  the  range  from  plus  70  degrees  Centigrade  to  plus  So  de¬ 
grees  Centigrade,  of  pou6  or  minus  0.002  percent.  The  required  stability 
within  this  temperature  range  is  plus  or  minus  1000  cycles  per  second 
of  the  nominal  frequency  of  4-9,997,000  cycles  per  second  (in  this  ten 
degree  range)  and  in  addition,  cannot  vary  more  than  plus  or  minus  250 
cycles  per  second  at  any  point  in  that  temperature  range  from  any  other 
frequency  measured  in  that  range.  Thus,  if  a  crystal  is  500  cycles  per 
second  above  the  nominal  frequency  at  a  temperature  of  75  degrees  Centi¬ 
grade,  the  frequency,  throughout  the  temperature  range  from  plus  "0  to 
plus  80  degrees  Centigrade,  must  be  between  250  and  750  cycles  per  second 
above  the  nominal  frequency  of  the  crystal.  The  maximum  acceptable 
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change  in  series  resonant  frequency  from  shock,  vibration,  or  aging  is 
also  plus  or  minus  250  cycles  pc>-  second.  The  mavimum  resistance  is 
40  ohms,  the  permitted  change  in  resistance  from  shock  or  vibration  is 
plus  or  minus  4  ohms.  Failures  to  date  in  Lot  }  include: 

Units  21  and  27  would  not  oscillate  after  vibration.  The  crystal 
holders  were  opened,  and  it  was  discovered  that  in  each  of  these 
units  the  support  wire  for  the  crystal  plate  had  broken  from  one 
of  the  pins  in  the  base  of  the  holder,  at  a  point  adjacent  to  the 
pin. 

Unit  28  would  not  oscillate  after  low -temperature  storage. 

Units  15  and  19  would  not  oscillate  after  the  salt  spray  test. 

Lots  11,  12,  13,  pages  40  through  45,  are  CR-18A/U  samples  from 
manufecturer  "B".  The  same  tolerances  apply  to  this  data  as  were 
listed  for  Lots  1,  2,  3,  and  4.  There  have  been  no  failures  to  date 
among  the  samples  comprising  Lots  11,  12,  and  13-  (The  crystals  for 
Lot  14  have  not  yet  been  received  from  the  manufacturer . ) 

Lets  15,  16,  and  17,  pages  46  through  51,  are  CR-67/U  samples  from 
manufacturer  "B”,  and  are  subject  to  the  same  tolerances  as  were  listed 
above  for  Lots  5,  6,  and  7-  The  sole  failure  to  date  is  unit  25  of 
Lot  15.  The  failure  was  entirely  mechanical,  one  of  the  leads  of  the 
crystal  breaking  off  flush  with  the  base  of  the  crystal  holder  during 
the  shock  test.  Electrically,  this  unit  still  performs  satisfactorily. 
(The  crystals  which  will  make  up  Lot  18  have  not  been  received  from  the 
manufacturer. ) 

Data  on  Lot  20  crystals  is  presented  on  pages  52  and  53-  There 
have  been  no  failures  with  these  crystals. 
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TSie  shunt  capacitances  of  the  crystals  are  recorded  on  data  pages 
5^  through  62.  Lot  identifications  and  specification  requirements  are 
included  on  each  data  page.  No  crystal  tested  has  failed  to  conform  to 
the  specification  requirements  for  shunt  capacitance. 

For  some  Lots  of  crystals,  the  data  presented  in  this  report  does 
not  cover  all  tests  that  have  been  performed,  as  time  limitations  pre¬ 
vented  reducing  all  the  data  taken  to  date  to  a  format  suitable  for 
inclusion  ir  his  report. 
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Lot  1,  Effective  Resistance 
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Lot  2,  Effective  Resistance 
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Lot  3,  Series  Resonant  Frequency 
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Lot  3 »  Effective  Resistance 
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Lot  4,  Series  Resonant  Frequency 
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Lot  5,  Series  Resonant  Frequency 
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Lot  6,  Series  Resonant  Frequency 
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Lot  9,  Series  Resonant  Frequency 
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Lot  9.  Effective  Resistance 
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Lot  11,  Series  Resonant  Frequency 
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11,  Effective  Resistance 
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Lot  12,  Series  Resonant  Frequency 
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Lot  12,  Effective  Resistance 
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Lot  13.  Series  Resonant  Frequency 
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Lot  13,  Effective  Resistance 
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Lot  15,  Effective  Resistance 
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Lot  l6.  Series  Resonant  Frequency 
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Lot  16,  Effective  Resistance 


jaqnmjj 

aidnreg 

H  OJ  pj  tnvp  C-SP  P'OHW  ro^t  la  vo  t-0O  o\  p  h  w  on  J'  lava  t-00  Ov  Q 

funoq  0001 
aBeaoqg 

sanoq  00$ 
aShsaoqg 

sanoq  C&Z 
aBuaoqg 

sjnoq  c;sx 
aSejoqg 

s-moii  +jg 
aSsaoxg 

SufBV 

•la^JV 

•  sag  • sf ow 
•iaqjv 

jCuidg  qing 
ja^JV 

-- 

uoxsaamrai 

•xa^JV 

•  dmaj,-Aoq 
aaqjV 

g>®  4-  ooniA^t  N4  oovo\t-o  h  04  vo  r-  0  0  ONt—QE-QtAcvicomt- 
OOlAOAlAH  HOJC^LACDVOCO  ON -3-  rHNHrHvJpWHOMOCOW  (\l  S4 
rHcviCT\coc\jrHOOoniACSHOonHvo(\iC\iocviCAocAon(vicvjojt^-ooon 

uoTqaiqxA 

JaiJV 

LALAQ  QCOMONOniAQC— OVHCO  OV  J-  VO  VO  00  LA  CTVVO  ON  OO  Q  lAjf  MAO 

ONO  W  (f\b-fflCO  WHfOOlAlArHO  h-VO  O  CO  M  00  MVO  LA  o  VO  OO  H  W  Q 
rHOJONMH  00  0ntfV0\rl04  HVO  H  04  HH  ON  ON  CO  OO  H  CM  (VI  C-  ON  OO 

Xooqg 

JaiJV 

QQOVQQIAQQMOQQOOOVQQKNQOQQQHQOO  land  o  h 
-3  v7)  VO  IAQ4  O  Q  -3  M'S  Q  t-O  t~u\5^  DO'S  O  O  Ovvp  00 iAvA  ON 

OJ  OJ  C^co  (VJ  H  H  O  oo  vo  CN  04  0  4  O  CO  04  i— 1  H  (0  ON  O  ON  0O  <Nj  OOHOOCSOO 

Xauanbajj 

T»TiTOI 

ON  J-  00  (OONQ  H  00(0  0  t-o  NOOIAO  CVJ  LA-^t  CO  CO  O  IA4  4  OO-rf-  OOCO  O 
lAMMCyMpCOJ-OJ^hOJpCO^J-H  f  on  00  O  O  rlVp4  0\3.  ON  CM  J* 
W«O0vWWHH400O«Hl?NHHW(OWNOr4O4(O  00  OO  O  O 

jaqarrqi 
a -[dares 

ii B-s&ms  a 

50 


Lot  17,  Series  Resonant  Frequency 
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Lot  17,  Effective  Resistance 
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GENERAL  DATA  SHEET 


& 
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GENERAL 


TEST 

. 

CONDITIONING: 


Room  ambient _ 

MATERIAL: 

Crystal  Unit,  Quartz,  Type  CR-67/U 

MANUFACTURER: 

"B" 

INSTRUMENTS-' 


Lots  Number  15  and  Number  16 


GENERAL  DATA  SHEET 


TEST 

f!ftrm<H  .  Shunt 

SPEC:  MIL-C- 
RQ98C 

PAR: 

TEST  NO: 

CONDITIONING: 

Room  ambient 

DATE: 

material: 

Crystal  Unit,  Quartz,  CR-7VU 

temp:  rh: 

MANUFACTURER: 

m.  no: 

"B" 

_ 

INSTRUMENTS: 

Conclusions 


Since  only  a  small  percentage  of  the  sample  crystals  are  in  the 
storage  portion  of  thi6  program,  and  these  have  been  in  storage  for 
only  a  relatively  short  period  of  time,  not  enough  data  has  yet  been 
accumulated  that  any  useful  evaluation  and  analysis  can  be  performed. 
When  the  next  Quarterly  Report  is  prepared,  there  will  be  sufficient 
information  recorded  that  a  meaningful  review  and  analysis  can  be  made, 
and  some  conclusions  drawn  concerning  the  objectives  of  this  study. 
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Program  for  the  Next  Interval 


During  the  next  report  period,  preproduction  testing  of  all  crystals 
required  for  this  program  will  be  concluded,  and  all  the  crystals  will 
be  in  Phase  II  testing.  The  data  presently  on  hand  and  the  data  accruing 
during  the  next  period  will  be  analyzed  to  determine  if  any  particular 
factors  that  produce  failures  of  quartz  crystals  can  be  identified  and 
explained. 
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Identification  of  Personnel 


During  the  period  covered  by  this  report,  two  people  have  been 
directly  assigned  to  this  contract.  These  are  the  Project  Engineer, 

Mr.  Carleton  E.  Jones,  and  a  technician,  Mr.  Dixon  Switzer.  A  descrip¬ 
tion  of  their  backgrounds  was  included  in  the  First  Quarterly  Report. 

A  second  engineer,  Mr.  Robert  Pease,  also  worked  on  this  contract 
during  this  report  period,  designing  the  printed  circuit  oscillators 
used  for  the  program,  and  supervising  the  fabrication  and  initial  oper¬ 
ation  of  the  oscillator  boards. 

Through  the  end  of  this  report  period,  Mr.  Jones  has  performed 
approximately  850  man-hours  of  work  on  this  contract,  Mr.  Pease  470 
man-hours,  and  Mr.  Switzer  690  man-hours. 

A  brief  description  of  the  background  of  Mr.  Pease  is  given  below. 


PEASE,  ROBERT  W,  -  Engineer 

Years  Actively  Engaged  in  Profession  -  24  Years 
Academic  Training 

Ohio  State  University 


Employment  Record 
Dates 


Company 


i960  -  Present 

1953  -  i960 
1957  -  1958 

1954  -  1957 
1953  -  1954 
1939  -  1953 
1936  -  1938 


Inland  Testing  Laboratories 
Jackson  Electrical  Instr.  Co. 
Production  Control  Units,  Inc. 
Frigidaire  Div.  G.M.C. 

Aero  Mfg.  Co. 

Banco  Inc. 

Battelle  Memorial  Institute 


1931-1936 


Duties 


Engineer 

Engineer 

Engineer 

Process  Engineer 
Project  Engineer 
Asst.  Dir.  of  Lab. 
Lab.  Technician 
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Professional  Experience 


Inland  Testing  Laboratories  -  Engineer 

Engaged  in  the  designing  of  test  fixtures  and  circuits;  supervise 
technicians  in  the  performance  of  electrical  and  environmental  tests; 
prepare  test  procedures  and  reports. 

Supervised  test  programs  on  aircraft  transceivers;  rescue  trans¬ 
mitters;  alarm  receivers;  oscilloscopes;  Signal  Corps  transmitters  and 
receivers;  R.F.  broad  band  transformers;  crystal  test  circuits  and  fix¬ 
tures  . 

Jackson  Electrical  Instrument  Co.  -  Engineer 

Engaged  in  design  of  electronic  circuits  and  instruments. 

Designed  transistorized  marine  depth  sounder  and  detergent  mixture 
detector  for  commercial  dish  washers. 

Production  Control  Units,  me . 

Engaged  in  design  of  special  equipment. 

Designed  electrical  circuits  and  requisitioned  parts  for  automatic 
vacuum  alarm  and  dehydration  equipment  for  hermetically  sealed  refri¬ 
geration  compressors. 

Frigidaire  Division,  General  Motors  Corp.  -  Process  Engineer 

Responsible  for  design  and  construction  supervision  of  process 
tools  and  equipment  for  use  in  manufacturer  of  motor  starting  relays. 
This  Lncluded  automatic  control  circuits  and  automated  assembly  and 
inspection.  Also  responsible  for  plant  layout  for  this  department. 

Aero  Manufacturing  Co.  -  Project  Engineer 

Responsible  for  design  of  spring  forming  machine  and  water  level 
control  for  automatic  home  washers  and  dish  washers. 

Ranco,  Inc .  -  Asst.  Director  of  Laboratory 

Responsible  for  supervision  of  laboratory  technicians  during 
absence  of  Director.  Designed  and  supervised  construction  of  laboratory 
test  equipment  and  production  assembly  and  test  equipment. 

Battelle  Memorial  Institute  -  Lab.  Technician 

Performed  tests  necessary  in  study  of  the  corrosion  of  various 
steel  alloys. 
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Distribution  List 


TO  CYS 

OASD  (R&E),  Room  3EIO65 
ATTN:  Technical  Library 
The  Pentagon 

Washington  25,  D.C.  1 

Chief  of  Research  &  Development 
OCS,  Department  of  the  Army 
Washington  25,  D.C.  1 

Chief  Signal  Officer 

ATTN:  SIGHD-4-a 

Department  of  the  Army 

Washington  25,  D.C.  1 

Director 

U.S.  Naval  Research  Laboratory 
ATTN:  Code  2027 

Washington  25,  D.C.  1 

Commanding  Officer  &  Director 

U.S.  Navy  Electronics  Laboratory 

San  Diego  52,  California  1 

Chief,  Bureau  of  Ships,  Code  69OB 
Department  of  the  Navy 
ATTN:  Mr.  R.  B.  McDowell 
Washington  25,  D.C.  1 

ASD  (ASHHGE-3) 

ATTN:  Mr.  C.  W.  Friend 
Wright -Patterson  Air  Fbrce  Base, 

Ohio  1 

Commander 

Aeronautical  Systems  Division 
ATTN:  ASNFVE-2,  Mr.  E.  Borgelt 
Wright -Patterson  APB,  Ohio  1 


TO  CYS 

Commanding  Officer 

U.S.  Army  Signal  Material  Support  Agency 
ATTN:  SIGMS/ADJ 

Fort  Monmouth,  New  Jersey  1 

Chief 

U.S.  Army  Security  Agency 
Arlington  Hall  Station 

Arlington  12,  Virginia  2 

Deputy  President 

U.S.  Army  Security  Agency  Board 

Arlington  Hall  Station 

Arlington  12,  Virginia  1 

Commander 

Armed  Services  Technical  Information  Agency 
ATTN:  TIPCR 
Arlington  Hall  Station 

Arlington  12,  Virginia  10 

National  Bureau  of  Standards 
Boulder  Laboratories 
Boulder,  Colorado 

ATTN:  Mr.  W.  D.  George  1 

Comnander 

Air  Force  Cambridge  Research  Laboratories 
ATTN:  CRXL-R 
L.  G.  Hans com  Field 

Bedford,  Massachusetts  1 

Comnander 

Air  Force  Command  &  Control  Development  Div. 

ATTN:  CRZC 

L.  G.  Hans com  Field 

Bedford,  Massachusetts  1 


Commander 

Aeronuatlcal  Systems  Division 

ATTN:  ASAPRL 

Wright -Patterson  AFB,  Ohio 

Commander 

Rome  Air  Development  Center 
ATTN:  RAALD 
Grlffiss  AFB,  New  York 


1 


Commander 

Air  Force  Conmand  &  Control  Development  Div. 
ATTN:  CCRR  fit  CCSD 
L.  G.  Hans com  Field 

Bedford,  Massachusetts  2 


1 


AFSC  Liaison  Officer 

Naval  Air  RfieD  Activities  Ccemand 

Johns vl lie,  Pennsylvania 


1 


Distribution  List  (Cont'd] 


TO  CYS 

Commanding  Officer 

U.S.  Army  Signal  R&D  Laboimtory 

ATTH:  SELRA/SL-LINE 

Fort  Monmouth,  New  Jersey  1 

ATTN:  SELRA/SL-DE  1 

ATTN:  SELRA/SL-ADT  1 

ATTN:  SELRA/SL-PF,  Technical  Staff 

(Record  Copy)  1 

ATTN:  SELRA/SL-TN  3 

ATTN:  SELRA/SL-PF,  Dr.  E.  A.  Berber  1 


ATTN:  SELRA/SL-PFP,  Miss  A.  Herberg  3 

ATTN:  SELRA/SL-PFP. 

Mrs.  S.  Musgreve  1 

Dr.  Virgil  E.  Bottom 
McMurray  College 

Abilene,  Texas  1 

Mr.  Roger  A.  Syke6 

Bell  Telephone  Laboratories,  Inc. 

Merrimack  Valley 

No. Andover,  Massachusetts  1 

Commanding  General 

U.S.  Army  Signal  Supply  Agency 

ATTN:  Mr.  E.  Mason 

225  South  Eighteen  Hi  Street 

Philadelphia  3>  Pennsylvania  1 

Motorola,  Inc . 

Communications  Division 
1450  North  Cicero  Avenue 
Chicago  51>  Illinois 
ATTN:  Mr.  C.  F.  Collins 


TO 

Bliley  Electric  Company 
Erie  Station  Building 
Erie,  Pennsylvania 

Frontier  Electronics  Company 
4600  Memphis  Avenue 
Cleveland,  Ohio 
ATTN:  Mr.  P.  Lannan 

General  Electric  Company 
Conmuni cations  Products  Department 
Mountain  View  Road 
Lynchburg,  Virginia 
ATTN:  Mr.  John  Sherman 

Keystone  Electronics  Company 
65  -  7th  Avenue 
Newark,  New  Jersey 
ATTN:  Mr.  J.  Ronan 

The  James  Knights  Company 
131  South  Wells  Street 
Sandwich,  Illinois 

The  Magna vox  Company 
Government  fc  Industrial  Division 
4501  Bueter  Road 
Fort  Wayne,  Indiana 
ATTN:  Mr.  Donald  Firth 

McCoy  Electronics  Company 
Mt.  Holly  Springs,  Pennsylvania 
ATTN:  Mr.  L.  McCoy 

Midland  Mfg.  Company 
3155  Fiberglas  Road 
Kansas  City,  Kansas 

Pioneer  Central 

Division  of  Bendix  Corporation 

Davenport,  Iowa 

ATOI:  Dr.  D.  E.  Newell 


CYB 

1 

1 

1 

1 

1 

1 

1 

1 


1 


1 


Second  Quarterly  Progress  Report,  Contract  DA  36-039  SC-89199 

Distribution  List  (Coat'd) 


TO 


CYS 


TO 


CYS 


Reeves -Hof  ftnan  Corporation 

145  Cherry  Street 

Carlisle,  Pennsylvania 

ATTN:  Mr.  R.  Van  Gevree  1 

Systems,  Incorporated 
2400  Diversified  Way 
P.0.  Box  7726 

Orlando,  Florida  1 


Scientific  Radio  Products,  Inc. 

2303  West  8th  Street 

Loveland,  Colorado  1 

Victor  Electronic  Systems  Co. 

Division  of  Victor  Comptometer  Corp. 

5^00  Jarvis  Avenue 
Chicago  48,  Illinois 

ATTN:  Mr.  R.  P.  Chalker  1 


This  contract  is  supervised  by  the  Solid  State  &  Frequency  Control  Division,  Electronic 
Components  Department,  USASRDL,  Port  Monmouth,  New  Jersey.  For  further  technical  infor¬ 
mation,  contract  the  Project  Engineer,  Mr.  P.  E.  Mulvihill  Telephone:  535-2475 ■ 
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